Groundwater samples were collected monthly from different wells in Sharkia Governorate, Egypt, for 12 months, (from May 2015, to April 2016) to evaluate water quality for use in irrigation. Locations of samples (Longitude and latitude) were recorded by GPS device. Samples were analyzed for salinity. There were no severe problems of sodicity, alkalinity or toxicity for irrigation purposes, but there were some salinity hazards. The water can be used for supplementary agricultural irrigation provided proper management practices are taken.
INTRODUCTION
The Nile River is the main source of fresh water in Egypt, which has an annual shared 55.5 bilion m 3 , 80% of which is consumed in agriculture, Egypt is facing water scarcity that requires utilizing every available source. The Major challenge facing Egypt is the strong need for development and management of the available limited resources of water, for the needs of increasing population and land reclamation (Table 1) .
Groundwater is a vital source of water used for public and domestic, irrigation, industrial, commercial, mining and thermo-electric power production purposes. Groundwater serves as the only reliable source for drinking and irrigation. Unfortunately, this vital resource is vulnerable to contamination. These sources may be threatened by a vast array of pollutants from such diverse sources as sanitary landfills, soil treatment systems, septic tanks and subsurface disposal wells (Ashour et al., 2009) .
Groundwater is a potential source of water for lands located at the end of irrigation canals (Clawson et al., 1971; Kashef, 1981) .
Groundwater in conjunction with surface water can be used to overcome the deficiency of irrigation water, (El-Arabi et al., 2000; Morsy, 2009) . They can recompense about 25% of irrigation requirement in some parts of the Eastern Nile Delta (El-Fakharany, 2002; Samak, 2007) .
Salinity of groundwaters and intrusion of saline water are prevalent pollutant in such water (Todd and Mays, 2005) . In Nile Delta, fresh Groundwater could push the saline Groundwater northwards (Morsy, 2009; FAO, 2013) .
Quality of Groundwater and surface water in the Nile Delta was studied by Morsy (2009). Who noted that Fe and Mn were higher in the old cultivated lands and that Pb was detected in some industrial areas. Hussien (2007) recorded deterioration in groundwater quality for wells in and nearby the industrial areas.
Total area irrigated with groundwater in the Nile Delta is reported by FAO (2013) as 175 thousand ha (414000 faddan).
According to Khodapanah et al. (2009) , suitability of groundwater for irrigation depends on salinity which can be highly harmful. Salts can damage plant growth and their evaluation in groundwater is important (Todd, 1980; Sheinberg and Oster, 1985) . Irrigation water http:/www.journals.zu.edu.eg/journalDisplay.aspx?Journalld=1&queryType=Master
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quality criteria is evaluated based on, salinity, sodicity, alkalinity and specific ions: chloride, sulfate, boron, and nitrate as well as pH (FAO, 1985) . The main objectives of the current study were to assess the quality of groundwaters of some wells in Sharkia Governorate, which are used by famers.
MATERIALS AND METHODS

Study Area and Water Sampling
Sixteen water samples were collected monthly from different wells in El-Sharkia Governorate, Egypt (Maps 1 and 2) for a period which extended up to 12 months (May 2015 until April 2016) to evaluate water quality for irrigation. Position coordinates of wells (Longitudes and latitudes) were recorded by GPS device ( Table 2 ). The area of study covers eight districts with 2 different wells for each, beginning from the South to the North. The Upper North of the governorate was excluded because of the groundwater wells rarely occurred. The size of water sample was about 1 L. Precautions were considered to avoid water contamination during sampling and handling.
Laboratory Analysis
Samples were subjected to analysis for salinity following standard methods (APHA, 1995) . Calcium (Ca 2+ ) and magnesium (Mg 2+ ) were determined using standard EDTA procedures, chloride (Cl − ) was determined by AgNO 3 titration, bicarbonate (HCO 3 − ) was determined by titration with HCl, sodium (Na + ) and potassium (K + ) were determined by flame photometry and EC and pH were directly measured. Calculations were done using the Irrigation Water Assessment Model (IWA-Mod) Excel worksheet software developed by Mohamed K. Abdel-Fattah, Soil Science Department, Faculty of Agriculture, Zagazig University, Egypt, to help users evaluating irrigation water quality. IWA-Mod is an acronym for Irrigation Water Assessment Model. Fig. 1 shows the flowchart of IWA-Mod version 1-2013. The flow chart consists of three main parts as follows:
Criteria for Judging the Validity of Water
Main IWA-Mod interface
The main interface of IWA-Mod contains a quick introduction to the model, uses, and instructions with two main buttons for agree or disagree ( Fig. 2 ).
Data file sheet
Data file Excel sheet appears when pressing on the agree button, found in the interface of IWA-Mod. Data file sheet contains cells to set the number of samples. The maximum number of samples is 100 (Table 3 ). The data file contains six main buttons as follows:
-Run button is used to move to window of results file (results sheet).
-About button is used to pop up window box contains the main information about designer of IWA-Mod ( Fig. 3 ).
-Calculator button is used to recall calculator of Microsoft windows.
-Clear button is used to clear contents of data file.
-Inquiry button is used to send feedbacks about IWA-Mod to the creator via E-mail.
-Flowchart button is used to show the main flowchart sheet of IWA-Mod to help users for more understanding the model.
Results sheet
Results sheet appears upon pressing the Run button in data file. Results sheet contains most criteria for calculating water quality (Table 4) . Results sheet contains dropdown menu of abbreviations for the used terms. Results sheet contains four sub buttons with different functions as follows:
-Go to data file button is used to move to data file directly. -Evaluation button is used to move to guideline used for irrigation water quality according to FAO (1985) (Fig. 4 ).
-Others criteria button, which leads to sheet, contains other measurements used for water validity for irrigation ( Fig. 5) . "Other criteria" sheet contains a button, called "Report" button used to give detailed report for the sample.
-Diagrams button is used to move to charts options used in classifying irrigation water according to its validity such as USSL diagram, Piper diagram, Doneen diagram, and Wilcox diagram. Next button is used to move to next diagram and Back button is used to move to previous one.
-Water Quality Index button is used to move to Water Quality Index (Fig. 6) . A commonlyused water quality index (WQI) was developed according to Brown et al. (1970) to provide a standardized method for comparing the water quality of various bodies of water. Nine water quality parameters were selected to be included in the index. They are dissolved oxygen (DO), fecal coliform, pH, biochemical oxygen demand (BOD), temperature change, total phosphate, nitrate, turbidity and total solids.
Water Quality Parameters for Judging
Soluble sodium percentage (SSP)
High sodium in soil can impede drainage. SSP was calculated using the following equation (USDA, 1958) :
Where, concentrations of ions are expressed in mmolc L -1 . Water with SSP less than 60 is safe with little sodium accumulations that will cause a degradation of the soil physical properties (Todd, 1980 and Fipps, 1998) .
Sodium adsorption ratio (SAR)
Sodium adsorption ratio is a measure of soil sodicity. The SAR was calculated using the following equation according to (USDA, 1958) Where, concentrations of ions are expressed in mmolc L -1 . The SAR classes depend upon the salinity of water. They include, low, S1 (for SAR <10); medium, S2 (for SAR 10-18); high, S3 (for SAR 18-26); and very high, S4 (for SAR > 26).
SAR parameter may be used to predict sodicity hazard. Adjusted SAR takes into account other parameter and the equation is as follows (Ayers and Wescot 1985) .
The adjusted SAR should be used in evaluating water with EC values higher than 1.5 and less than 3.0 dSm -1 . The adj R Na (adjusted Sodium Adsorption Ratio) is presented in the following equation as an upgrade of the SAR. It can be used to predict more correctly potential infiltration problems due to relatively high sodium (or low calcium) in irrigation water supplies (Suarez 1981; Rhoades 1982) . The equation is as follows:
Sodium to calcium activity ratio (SCAR)
SCAR is the ratio of Na to Ca and calculated as follows (Gupta 1990 ).
On basis of SAR/SCAR, the irrigation waters may be classified in six classes of sodicity, Nonsodic, S0 (<5); Normal, S1 (5-10); Low sodicity, S2 (10-20); Medium sodicity, S3 (20-30), High sodicity, S4 (30-40) and Very high sodicity, S5 (>40).
Residual sodium carbonate (RSC)
Excess carbonate and bicarbonate ions over calcium and magnesium ions in water lead to presence of sodium carbonate, therefore sodicity. The equation is as follows (USDA 1958).
Where, concentration of ions is expressed in mmolc L -1 . RSC hazard classes are none (<1.25), medium (1.25-2.5) and high (>2.5). Since carbonate ions do not occur very frequently in appreciable concentrations and as bicarbonate ions do not precipitate magnesium ions, Gupta (1990) suggested RSBC as follows.
Based on RSC/ RSBC ratio, there are six hazard classes as follows: none, A0 (negative value); Normal, A1 (0); Low, A2 (2.5); Medium, A3 (2.5-5), High, A4 (5-10) and Very high, A5 (>10).
Permeability index (PI)
The PI is calculated by the following formula according to USDA (1958) and Doneen (1964) Where, concentrations of all ions are in mmolc L -1 . The PI classes are as follows: Excellent (>75%), Good (25-75%) and Unsuitable (<25%) (Al-Amry, 2008).
Potential salinity (PS)
Potential salinity (PS) was defined as the chloride plus half of the sulphate ions, calculated as follows (Doneen, 1962 and Gupta, 1990) .
The PS classes are as follows: permissible 5 to 20, 3 to 15 and 3 to 7, for soils of good, medium and low permeability, respectively.
Kelly's index (KI)
Kelly's index relates concentration of Na to the sum of Ca + Mg. A value exceeding 1 indicates an excess sodium (Kelly, 1940; Sundaray et al., 2009) . Equation is as follows:
Magnesium ratio (Mg ratio)
MAR was suggested by (USDA, 1958 Paliual, 1972 Hem, 1985) , and that high Mg 2+ has adverse effects on soil (Kumar et al., 2007) . It is calculated as follows:
Where ions concentrations are expressed in mmolc L -1 . Mg ratio classification is as follows: safe (<50) and having Mg 2+ hazard (>50).
RESULTS AND DISCUSSION
Ionic Analysis for Groundwater Types
Obtained results evaluated by the IWA-Mod (Table 3) . Results were plotted to produce a diagram to determine the Piper diagram ( Fig. 7) which are given in two triangles (one for cations and one for anions) then a diamond-like field inference was drawn (Piper, 1944) . The diagram indicates that the dominant types of water are "Sodium chloride type" and sodium and potassium type, while no specific anion was dominated. Table 4 shows the output results sheet of IWA-Mod that contains the calculated parameters used as criteria for evaluating irrigation water based on water pH, salinity hazard, sodicity hazard, alkalinity hazard and specific ions (chloride, sulfate, boron, and nitrate).
Irrigation Water Quality Criteria
Water pH
The normal pH values should range from 6.5 to 8.4 for irrigation water (Ayers and Wescot, 1985; Kundu, 2012) . The output results of IWA-Mod indicated that the pH ranged from 7.12 to 7.21 therefore, all samples fall in the acceptable range (Table 3) . Table 3 indicate that the EC, ranged from 0.30 to 1.44 dSm -1 . According to USDA (1954), ten samples are of a second class (C2 medium salinity, they are of wells 1, 2, 3, 5, 7, 8, 10, 13, 14 and 15 while six samples were of third class (C3 -high salinity): they are of wells 4, 6, 9, 11, 12 and 16 . Medium salinity can be used for irrigation if a moderate leaching is performed. Plants with salt tolerance can be grown in most cases without special practices for salinity control. High salinity water cannot be used on soils with limited drainage system. With adequate drainage, this class can be used if special management practices for salinity control are taken, and plants with high salt tolerance are grown (Abdel -Fattah and Helmy,  2015; Rouabhia et al, 2009) . According to the et al. (1999) , water of EC between 0.30 and 1.44 dSm -1 can be used for irrigation with most crops grown on most soils with little likelihood of soil salinity (Gupta, 1990 ).
Salinity hazard
Results in
Sodicity Hazard
Soluble sodium percentage (SSP)
Results of IWA-Mod indicate that SSP ranged from 32.09 to 42.16% (Table 4 ). Water with SSP > 60% is of sodium hazard and belongs to moderate class with mild restrictions. High SSP reduces soil permeability and eventually results in soil with poor conditions of drainage (Perparim et al., 2016) .The IWA-Mod shows a Wilcox diagram (Fig. 8) which determines the viability of water for irrigation purposes in the view of sodicity. Sodium was plotted as SSP on the Y-axis against EC on the X-axis (Wilcox, 1955) . The water falls in the 'Excellent to Good' and 'Good to permissible' category for irrigation (Abdel-Fattah and Helmy, 2015).
Sodium adsorption ratio (SAR)
Results on the IWA-Mod show that the SAR ranged from 1.75 to 3.42 (Table 4 ). According to FAO (1985), these waters are S1, low sodium hazard and can be used for irrigating of most soils with low sodium hazard. However, sodium-sensitive crops such as stone-fruit trees and avocados may not be suitable. Other outputs of IWA-Mod USSL diagram (Fig. 9) show a diagram correlated SAR with EC. Based on the USSL diagram (USDA, 1954) , the water quality is C2-S1 (medium salinity, low sodicity) for wells 1, 3, 5, 7, 8, 10, 12, 14 and 15, while wells 4, 6, 9, 11, 12 and 16 are of C3-S1 (very high salinity low sodicity) .All samples are 'Good' and 'appropriate' irrigation (Abdel-Fattah and Helmy, 2015).
High salinity with high SAR cause infiltration problems. Results presented in Fig. 10 show relative rate of water infiltration as affected by salinity and sodicity (Rhoades, 1977; Oster and Schroer, 1979 ). Fig. 10 shows that all samples are of slight to moderate infiltration hazards, except well 9, which falls in 'no problem (Abdel-Fattah and Helmy, 2015).
Sodium calcium activity ratio (SCAR)
Results of IWA-Mod indicate that the SCAR ranged between 1.42 and 3.11 (Table 4 ). The sodicity classification of Gupta (1990) includes 
Kelly ratio (KR)
Results of IWA-Mod indicate that the KR ranged from 0.88 to 1.59 (Table 4 ). Therefore, since the KR is low < 3, waters are suitable for irrigation (Kelly, 1940; Abdel-Fattah and Helmy, 2015) .
Mg ratio
Mg ratio values of irrigation water, were between 37 and 43, therefore all samples are suitable for irrigation.
Permeability index (PI) and Doneen's diagram
Long time use of irrigation water containing Na + , could affect the physical properties of soil and impair soil permeability. Permeability Index (PI) may by controlled by water and its sodium content. Doneen (1962) combined PI and salinity in one diagram, divided into three areas representing each class of water. The samples fall into the class II category of the Doneen's (1964), Fig. 11 . The PI of wells 4, 9, 12 and 16 are class I, while wells 1, 2, 5, 6, 7, 8, 10, 11 and 13 are class II, and wells 3 and 15 are class III. The PI values (Fig. 11) , show that samples have no permeability and infiltration problems except samples 3 and 15.
Potential salinity (PS)
Based on the potential salinity measure introduced by Doneen (1962), the water are in 3 classes ( Table 5 ). The IWA-Mod results indicate that the PS ranged from 1.79 to 4.95 mmolc L -1 . and that 37.5% of water samples fall in class1 and 62.5% of samples fall in classe2 in the case of soils of low permeability. All samples are of class1 for soils of high and medium permeability.
Sodicity and Hazards
Residual sodium carbonate (RSC)
Results of IWA-Mod indicate that RSC levels were less than 1.25 mmolc L -1 ; therefore, all samples are safe for irrigation (Gupta, 1990; Eaton, 1950) . 
Residual sodium bicarbonate (RSBC)
Since carbonate ions do not occur very frequently in appreciable contents, and as bicarbonate ions do not precipitate magnesium ions, Gupta (1990) suggested that alkalinity hazard should be determined through on index called residual sodium bicarbonate (RSBC). Based on RSC/RSBC ratio there are 6 proposed alkalinity classes, 1. non-alkaline (-ve), 2. normal (0 mmolc L -1 ), 3. low alkalinity (2.5 mmolc L -1 ), 4. medium alkalinity (2.5-5.0 mmolc L -1 ) 5. high alkalinity (5.0-10.0 mmolc L -1 ), and 6.very high alkalinity (> 10.0 mmolc L -1 ).
Based on the Gupta classification, the samples of non-alkaline category are in wells 3, 4, 5, 6, 7, 9, 15 and 16 . Those of medium alkalinity are samples 1, 2, 11 and 12. The high alkalinity category are samples 8, 10 and 14 and The very high alkalinity is sample, 13.
Non alkaline waters can be safely used for irrigation on almost all soils for all crops for indefinitely long periods without any problems. Medium alkalinity waters of (RSC/RSBC 2.5-5 mmolc L-1) can be used for irrigation on almost all soils with little danger of sodicity hazards. Optimum yield of several alkali tolerant crops are obtained with RSBC of this range (Gupta and Gupta, 1997 and Abdel-Fattah and Helmy, 2015).
High alkalinity waters with of RSC/RSBC (5-10) can be used for irrigation on soils provided with good drainage such of leaching faction less than 0.3, for growing semi-tolerant and tolerant crops to sodium and EC should be <3.0 dSm -1 and SAR < 10 (Gupta and Gupta 1997) . Rainfall should be appreciable and effective (>400 mm) and evaporation must be (<2000 mm) for the prolonged successful utilization of such waters (Gupta and Gupta 1997) . If SAR is >10, use of gypsum may be required. Very high alkalinity waters (RSC/RSBC >10 mmolc L -1 ). are not suitable for irrigation but may be used in cycles (Gupta and Gupta 1997) .
Specific ions toxicity
Guideline for irrigation water quality established by FAO (1985) was used to evaluate, irrigation water toxicity (Fig. 4) . Sodium, to chloride, boron, nitrate and bicarbonate were used as indicators for irrigation water toxicity. Based on Na adjusted SAR results of IWA-Mod show that the value ranged between 1.29 and 0.86, Thus, wells. 1, 2, 3, 5, 10, 13, 14 and 15 are of "no problem", while wells. 4, 6, 7, 8, 9, 11, 12 and 16 are of "increasing problems"
Regarding chloride ions, all samples have less than 4 mmolc L -1 (Table 3 ) therefore they are of no-problem class and are of no-problems and safe for irrigation except wells with. 4, 6, 9 and 16 where the bicarbonate class is of "increasing problems" (Table 3) .
Regarding to boron toxicity, results of IWA-Mod indicate that the boron is < 1.0 mg L -1 thus all samples are of no problems Regarding No3 all samples are of no problems class (FAO, 1985) .
Conclusion
The quality of groundwater in the study area is of good quality with respect to their content of salts or alkalinity and sodicity hazard. These types of groundwater can be safely used for irrigation purposes in area located at the end of irrigations canals, where the access of surface water by farmers is insufficient. They could be used as a supplemental irrigation to overcome water shortage in the summer to meet the water requirements of crops. Such waters may be used for other purposes such drinking, for livestock, poultry and industry. However, further studies are required on groundwater, particularly with regard to regulating wells drilling and water withdrawing. Farmers must take all measures that could alleviate accumulations of salts in soil root zone such as sufficient leaching requirements, good drainage system and suitable crops.
